The paper presents the findings of research in Betim (Brazil) 
I. INTRODUCTION
CONVENTIONAL STATISTICS ON the eff iciency of environmental sanitation servi ces are generally based on an evaluation of the cov erage of collective systems f or water supply and sanitati on and, where available, on inf ormation about the exi stence and f requency of garbage collection. T hese statistics are quantitativ e evaluations which consider neither the quality of the public services nor the quali ty of the solutions adopted by the population not cov ered by these collective systems.
T hese surveys, which are usuall y the onl y source of informati on, have been used i n providing estimates of the population who have benef ited, with the results applied to public policies including evaluations of necessary f inancial re sources and of the popul ation' s sanitary status.
T his paper di scusses the prof ile of the population who benefit f rom envi ronmental sanitation servi ces, taking i nto account 
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mainly the health impacts of the di ff erent service levels. It also discusses the di stortions which result f rom considering that the population served by the collective systems i s the same as the population who benefit f rom envi ronmental sanitation services.
Data f rom the Brazi l i an urban area of Betim ( with 160,000 inhabitants) were used to support the analysis. Betim is located i n the metropoli tan region of Belo Horizonte ( 3,500,000 inhabitants) , which i s the f ourth largest city in Brazil and the capital of the state of Minas Gerais. Data col lection was part of a casecontrol epidemiological study developed with the purpose of investigating associations between environmental sanitation conditi ons and health.
(1) I n the study, di arrhoea morbidity in child ren under the age of f iv e was adopted as a health indicator. A bout 1,000 cases and 1,000 controls were studied, the l atter being a random sample of the child popul ation.
II. STATISTICS ON ENVIRONMENTAL SANITATION IN BRAZIL
IN BRAZIL, THE main surveys used as ref erences on envi ronmental sanitation cov erage are:
T he Brazilian Catalogue of Sanitary and Environmental Engi neering (2) publ i shed by the non-g ov ernment associ ation A BES -the Brazilian A ssociation of Sanitary and Environmental Engineering. I t surveys popul ation coverage and other quali tativ e and quantitativ e i ndicators f or water supply and sanitation in each of the 27 states in Brazil. The inf ormation f or each state is prov i ded by the State Sanitation Companies although these publ i c companies are concessionaires f or only some of the municipal systems -71 per cent of the water supply and 12 per cent of sanitation, as shown i n Table 1 . However, they are responsible f or all inf ormation, including that f or cities where they do not operate, which probably results i n data bi as. The First National Diagnosis of Municipal Sanitation Services, ( 3) carried out by the FN S ( National Health Foundation) and the A SSEMA E ( National A ssociation of Municipal Sanitation Services) in 1995. It surveyed several characteristics of water supply and sanitation di rectly operated by the municipaliti es. Data were collected through a questionnaire sent to the 914 cities, with a special f ollow-up sample of 255 re presentativ e cities. Surveys developed by IBGE ( Brazilian Institute of Geography and Statistics Foundation) , the government institution responsible f or demographic and economic statistics. This government f oundation undertakes a national demog raphic census every ten years i n which water supply, sanitation and solid wastes are investigated with a survey of all Brazilian dwellings. A national survey of domiciliary samples takes pl ace nearly every year using the same v ariables i n a sample of Brazilian dwellings. Finally, a Basic Sanitation National Survey (4) was carried out i n 1989, in which data on water supply, sanitation and soli d wastes were collected from all areas of the country throug h questionnaires sent to the responsibl e i nstitutions. 
Water supply Sanitation
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T hese surveys have been developed wi th diff erent methodological approaches and obj ectives. T hey prov ide basic inf ormation f or planning although the data f rom diff erent surveys are not always consistent or coherent. Fi gure 1 shows the extent of p rovision of environmental sanitation services f or the whole of the Brazil ian popul ation according to f our di ff erent sources. Diff erences of almost 10 per cent can be seen between the diff erent sources. T he same is true f or f igures relating to coverage by sewerage systems, which must be due to diff erences i n the dates of the various surveys.
III. POPULATION SUPPLIED WITH WATER FOR HUMAN CONSUMPTION
WATER SUPPLY COVERAGE i s usually giv en as the ratio of the population off icially connected to the distribution system to the total population. With this in mind, we address some unanswere d questions.
a. What Proportion of the Population is Effectively Connected to the Collective Network?
I n the research developed i n Betim, it was f ound that the proporti on of the popul ation connected to the public water supply network is, actuall y, higher than that officially registered. Table  2 shows cov erage accordi ng to three diff erent sources.
When comparing the f igures f rom the three diff erent sources, a statistically signif icant diff erence in the proportion of covere d popul ation can be noted, wi th chi-square test analysis showing a significance level of 5 per cent. This diff erence, wi th greater coverage i ndicated by the epidemiological research which i s
Source
Water supply coverage (% of residential properties) based on household sample, is due to the high i ncidence of clandestine connections which are neither accounted f or i n the official statistics of the concessionaire nor in the demographic census. On the other hand, the small er cov erage observed i n the census can probably be explained by the f act that the survey was undertaken two years bef ore the other surveys.
b. To what Risk is this Population Exposed?
In the study in Betim, the 1.6 per cent of the population which is supposedly unconnected to the water distributi on network, and which i s basicall y supplied by shallow wells, showed no statistically signif icant relative risk of diarrhoea. T here are two possible explanations. T he f irst would be the insufficient sample size which prevents the identif ication of any statistically signif icant associations; the second would be the absence of risk to this population which would compensate f or a def icient water suppl y through adequate hygiene practice.
In other similar epidemiological studies, the lack of a water supply was also associated neither with di arrhoea i n Panama (5) nor with inf ant mortality up to the age of f ive in rural Malawi. (6) However, other studies have shown epidemi ologi cal associations between an unsaf e water supply and enteric i nf ecti ons i n Canada;
( 7) the use of shallow wells and giardiasis in the USA ; (8) and the absence of pi ped water and enteric i nf ections in Bangui, Central A f rican Republic. (9) In Brazil, one study ( 10) identif ied the impact of the construction of a water distributi on network on the incidence of diarrhoea i n Belo Hori zonte and another ( 11) showed the signif icant health risk of inf ant mortality f rom di arrhoea in f amilies wi thout pi ped water. T hus, the resul ts of the epidemiological studies developed f or several socio-economic and water supply conditions do not allow a def initive statement about the health risk of the popul ation not supplied by public systems, regardless of the specif ic reality.
c. Can it be Assumed that the Population Connected to the Distribution Network has a Safe Supply?
To answer this question, the f ol lowing aspects were analyzed: the quality of the water the existence of an i ntermittent supply, wi th the consequent risk of water contamination the per capita water consumption A ny v iolation of the drinking water standards i mposes both bi ol ogical and chemical health risks to consumers.
( 12) Moreover, it is i mportant to recognize the distribution network' s own dynamics which may cause a deterioration in the water quali ty through biof ilm f ormation ( an organic or inorganic surface deposit inside pipe walls which can cause the growth of pathogenic mi cro-organisms) ( 13) or the i ntroducti on of contaminants. The latter can take place as a result of intermittent supply or f actors which cause low water pre ssure i n the mains. 
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In Betim, intermittent supply was reported by 44 per cent of the residents interviewed, yet a signif icant risk of diarrhoea was not identif ied. It is possible that, because of the general Brazilian practice of domestic water storage, ( 14) people' s perception of i ntermittence is bi ased due to their domesti c water tank' s capacity to absorb v ariations in f low. Intermittence may be i dentif i ed by physical and continuous pre ssure measurements i n the di stributi on system and, onl y with this inf ormation, is an epi demiological risk analysis f easible. (15) T he other health risk f actor generally related to water supply is level of water consumption. In Betim, a possible risk of diarrhoea in chil dren living in houses with low per capita water consumpti on ( less than 125 l itres/person/day i n the l ower socioeconomi c stratum and less than 75 li tres/person/day i n the higher socio-economic stratum) was identif ied.
( 16) The average consumption i n the city was 145 li tre s/perso n/day.
M ore i n-depth research on the li nk between water consumpti on and health i n urban zones with high per capita consumption is still necessary. A large number of epidemiologi cal studies have i ndicated the greater i mportance to health of water quantity over water quality. However, these studies were developed under conditi ons where per capita consumption was in the order of 10-40 litres/person/day, much l ower than that of urban areas with in-house connections.
d. To What Extent does Intra-domestic Water-handling Influence Health Risk?
The f ollowing points were analyzed: the role of the domestic water tank p rovision f or indoor plumbing hygiene practices T he research carried out in Betim examined the eff ects of having a domestic water tank. Households lacking such a tank ( and p resumably storing water in household vessels) were f ound to have a relative risk of diarrhoea of 1.91 ( 95 per cent conf idence interval ( CI) : 1.01 -3.60) .
( 17) T his resul t does not conf irm the hypothesis that the existence of a domestic water tank impli es a health risk due to i nadequate maintenance. Howev er, the study highlights the f act that the lack of a roof tank i ndicates the presence of only basic internal plumbing, usually onl y a water poi nt on the pl ot, causing a risk of i nf ectious and parasitic di seases.
T he importance of hygienic practices was demonstrated in the Betim research. Four practices were investigated: washing and disinf ection of f ruit and vegetables; care of drinking water; handwashing bef ore eating; and hand-washing after def aecation. A fter a multiv ariate analysis, ( 18) only the f irst practice showed a statistically signif icant relative risk, of 2.87 ( 95 per cent conf idence interval ( CI) : 1.61 -5.10) , the greatest relativ e risk f ound among all the environmental exposures investigated, pinpointing the role of hygienic practices in the control of inf ectious and parasitic diseases. T he risks to health f rom eating f ruit and v eg- etables that have not been washed suggests the use of irrigation water contaminated wi th sewage, a common practice in the metropol itan region of Belo Horizonte. T he f act that the thre e other practices were not signif icant in the statistical analysis possibly means that f ood hyg iene i s a surrogate f or general household hygiene.
IV. POPULATION WITH ADEQUATE SANITATION SERVICES a. Waste Water Collection
GENERALLY, THE STATISTICS relate the existence of a connection to a sewerage system to a def i nition of adequate provision f or waste water disposal. T he assumption behind this is that residents of houses connected to sewers are protected and those of unconnected houses are exposed to health probl ems due to the presence of excreta and g rey water ( waste water f ro m general household use) in the environment. Two questions arise:
In a locality with only a partial sewerage system, is the connected popul ation really protected against excreta and g rey water presence i n the environment? Do the sol utions adopted by the unconnected population expose them to a risk of contamination?
T he results obtai ned f rom the research in Betim i llustrate this di scussion. Two v ariables relating to waste water collection were analyzed, as shown in Table 3 , namely, the kind of solution adopted and the f ree-f lowing presence of waste water in the streets. In the univariate analysis, both these f actors presented a signif icant risk of disease, with v alues f or the relativ e risk ranging f rom 1.75 to 4.75. 17. "Relative risk" (RR) is an epidemiological risk measure. The relative risk of a given disease as a result of exposure is defined as the ratio between the incidence rate of the disease among an exposed group and the incidence rate among an unexposed group. It represents how many times more likely it is that the disease will occur in the exposed group compared with the unexposed. If the 95 per cent confidence interval excludes the unity, then the study factor is significantly associated with the risk of disease at a statistical level of 95 per cent. For RR>1, the exposure is a risk factor; for RR<1, the exposure is a protective factor.
18. Multivariate methods are used in epidemiology for the statistical analysis of the joint effect of a set of variables on the risk of d ise as e wh erea s, in the univariate analysis, only the association between the exposure fac tor a nd the dis ea se is
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A f ter applying a multivariate analysis, the v ariable relating to solutions f or waste water disposal showed no statistical signif icance whilst the v ariable relating to the presence of f ree waste water f lowing in the streets showed a relative risk of 2.38 ( 95 per cent CI: 1.87 -3.03) . From this result, one can conclude that the determinant f actor li nking health protection and waste water disposal is the absence of f ree-f lowing waste water in the environment. House connection to the sewerage system is less relevant than the ov erall quality of the solutions adopted in each drainage sub-basin, and the upstream solutions determi ne the risks to downstream dwelli ngs.
I n practice, the study suggests that if waste water di sposal is approached f rom a public health point of view, then the unit of intervention must be the drainage sub-basin. With this approach, all the waste water in each sub-basin needs to be disposed of , with connections to adequate sewer systems or with adequate on-site solutions in order to avoid overflows into the streets.
b. Interception and Treatment
It is not only local disposal of waste water but also intercepti on and treatment which determine health risk f or the popul ati on, although these are rarely ref erred to. Obv iously, the risk aff ects specif ic populations, revealing again the perversity of exposure to waste water: inadequate sol utions do not necessarily impl y risk to the owners of the solutions, but to the populati on downstre am.
In the case of lack of interception, those who liv e on the banks of the stre am are specifically aff ected; and the absence of treatment exposes not only the population beside the water to risk but also all the urban population which is supplied with v egetabl es irrigated with contaminated water.
Statistics on levels of interception have not been developed in Brazil. Research into coverage by treatment util i ti es has been p urely quantitative, with a generic classif ication of treatment p rocesses and no evaluation of levels of pathogen remov al nor any i n-de pth anal y si s o f the heal th ri sk to do w nstre a m popul ations.
IV. POPULATION WITH ADEQUATE GARBAGE MANAGEMENT
THE EFFICIENCY OF garbage management, when measured, is evaluated f rom a survey of the population served by collection servi ces. In more detailed surveys, data on the f requency of collection are gathered although with no f urther i nf ormati on should collection f requency not be unif orm i n all the urban area. In these statistics, the conditions in which ref use is stored inhouse and the presence of unauthorized ref use deposi ts are ignored. Table 4 shows popul ation cov erage by urban ref use servi ces in Betim.
analyzed. The former analysis allows the reduction or elimination of confounding variables and the determination of an exposure effect on a disease, free of the influence of other factors. Logistic regression was used for the multivariate analysis in the Betim study control case. The analysis started with a model which included 43 variables, divided into eight sub-groups (family structure, socio-economic level, hygiene practices, water supply, sanitation, garbage disposal, drainage and the presence of vectors) and, after the statistical procedure, a final model with 14 variables was developed.
I n all areas of garbage management, precarious sol utions showed a statistically signif icant relative risk f or diarrhoea, with values ranging f rom 1.50 to 1.97, and always with a signif icant conf idence interval, as shown in Table 5 . A ll areas of garbage management are extremely important f or publi c health, showing the need f or a broad approach to interventions and surveys relating to this service. Improv ements i n some areas of the system, such as domestic storage, garbage di sposal on sites where there is no collection and the disposal of f aeces f rom di apers, a re strongly linked with hygiene education. ( 19) and reveal that i t is an extremely serious problem in the majority of Brazilian cities. In an estimated 80 per cent of them, ref use di sposal occurs without even mi nimal sanitary care. It is important to note however that, although i nadequate refuse disposal is a problem f or the physical environment, onl y the popul ation near the dumping ground i s exposed to a health risk.
V. POPULATION WITH ADEQUATE STORM WATER DRAINAGE SERVICES
INDICATORS FOR THE eff iciency of drainage services have not been developed in Brazil. Only evidence of periodic flooding in critical regions of some cities where it is a f requent occurrence i s reported. Neither is there much i n the li terature on the impacts on health of urban drainage probl ems.
In Betim, two drainage related variables were studied i n relation to their impact on i nf ant diarrhoea, namely, f loodi ng and pooling in lots. Table 6 shows the relative risks. The resul ts ill ustrate the greater importance of f looding over pooling in lots as a risk f actor f or diarrhoea, highlighting the role of street drainage, especially where lots are at a l ower level than the streets. Except i n those situations where f loodi ng leads to human loss of lif e or to outbreaks of di seases such as l eptospi rosi s, those who do not suff er periodic f looding in their lots are probably those who benefit f rom drainage services. 
VI. CONCLUSIONS
THIS PA PER HA S demonstrated that those who benefit f ro m environmental sanitation servi ces are not necessaril y those who a re served by the publ ic systems. One can now ref lect on how to modif y practices relating to the f ormulation of public policies and research on cov erage.
a. Public Urban Policies Formulation
For water supply, more attention should be paid to water availability to the population; to the quality of the water that is consumed, not just to that of the di stributed water; to the need f or compl ete i ndoor pl umbing f acil ities; to adequate i ntra-domestic water-handli ng; and to adequate water use f or personal and domestic hygiene. For sanitation, policy should aim at the elimination of f reef lowing waste water in streets, gutters and l ots throug h a comprehensiv e drainage sub-basin approach. For urban garbage management, a comprehensiv e sanitary policy also seems necessary, to include all phases of the process: domesti c storage; a minimum three times a week collection; adequate ref use disposal i n pl aces where public collection i s not possible; and all these supported by hygiene education prog rammes. For urban drainage, i ntervention pl anning is i mportant, identif ying critical areas f or priority action, mainly in streets wi th lots subject to f looding.
b. Coverage by Environmental Sanitation Services
Wi th regard to water supply, there is a need f or: the development of indicators to monitor a lack of pre ssure in the distribution network; a survey of per capita consumption showing i ntra-urban di ff erentials; a survey of the quality of consumed water, particularly in countries such as Brazil where domestic water tanks are common; a survey of levels of conservation and maintenance in domesti c water tanks. In the f ield of scientific research, eff orts should be made to determine the mi nimum l evels of per capita urban water consumpti on which do not pose a health risk. In sanitation, obtaining more inf ormation on solutions f or disposing of sullage and excreta by populations without a sewerage system is an i mportant issue. I n urban garbage management, surveys on domesti c soli d waste handli ng are needed, i ncludi ng f or domestic storage; the di sposal of diaper f aeces; and garbage disposal in places with no public collection. In the field of scientific research, a more accurate analysis of the optimal f requency of garbage collection and identif ying i ntra-urban di ff erentials can lead to a gathering of very usef ul information. The development of indicators f or drainage coverage is essential, to include f or each locality, for example: indicators of s urf ace water inlet def icit; the extent of existing and requi re d storm water sewers; the extent of valley bottom flow adequately t reated and needing treatment; and the extent of streets wi th lots subject to f looding, all of which may be considered as potential health risks.
Obvi ously, determining new v ariables in environmental sanitation coverage surveys implies higher costs and diff erent meth-
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odologies. In some cases, inf ormation can be obtai ned f rom the institutions responsible f or the servi ces, thus saving time and money but with the di sadvantages of data reliability. In other cases, household surveys might be necessary.
Nevertheless, it is widely accepted that a great eff ort to imp rov e these surveys can play a f undamental role. A good pict ure of the sanitary conditions in any locality can increase the potential of public policies and may effectively benefit the population excluded f rom envi ronmental sanitation servi ces f rom a health point of v iew and through a broad soci al approach,
